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Abstract 

Background: Overweight and obesity are becoming a big issue in Shandong province. Based on the big data of 

children and adolescents in Shandong province, we try to explore the spatial differences and explain the causes 

of this phenomenon, so as to provide suggestions and data support for solving related problems in similar areas.  

Methods: The sample came from Shandong province's physical examination data in 2017. A total of 10.27 

million schoolchildren aged 6-18 years were included. ArcGIS software (hot spot analysis) was used to explore 

the spatial differences, and regional influencing factors were analyzed by multinomial logistic regression. 

Results: The prevalence of overweight and obesity among schoolchildren aged 6-18 years were 17.93% and 

6.79%, respectively. Moreover, boys/girls, urban/rural areas both showed that the former rate was 

higher than the latter, and the 9-11 age group was confirmed to have the highest prevalence. Regional 

distribution illustrated that, in Shandong province, the areas with high prevalence of overweight and obesity 
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were mainly concentrated in the central, northern and eastern parts, and the hot spot clusters were located in 

Yantai and Weihai, while the low-value areas were aggregated in the western (boys) and southern (girls) regions. 

Further exploration revealed that total retail sales of consumer goods (CGTRS) and per capita disposable income 

(PCDI) were confirmed as risk factors for regional obesity level. 

Conclusions: The spatial difference of overweight and obesity is statistically significant between the eastern 

region (high value cluster) and the western region (low value cluster), and it is influenced by some regional 

factors, suggesting that for a few regions, relevant department should pay more attention to this phenomenon. 

More education on this problem should be done to make people know more about health, and more researches 

should be done to see what intervention could solve this problem. 

Keywords: body mass index, overweight and obesity, spatial differences, Shandong province, schoolchildren 

Background 

As an important stage in the process of growth, childhood and adolescence not only cover the growth and 

development of children's body organs and systems (including general type, lymphatic system type, etc.), but also 

involve many significant nodes (such as growth spurt, sexual development, psychological development, etc.) for 

transition to adulthood. Meanwhile, children's growth and development as a mirror of national and social 

development, to a certain extent, reflects the development situation of a country in economic, education, medical 

and other aspects. In this condition, as a public health problem [1], the issue of overweight and obesity among 

schoolchildren cannot be ignored. 

The prevalence of overweight and obesity among school-age population has shown an obvious upward trend 

year by year in the world. According to the report from WHO, it demonstrated that between 1975 and 2016, the 

rate of overweight and obesity among children and adolescents aged 5-19 has risen dramatically from just 4% to 

just over 18% [2]. Likewise, similar findings have been confirmed in the national student physical and health 

survey data: the rate of overweight and obesity among students aged 7-18 showed a continuous growth trend from 

1985 to 2014 in China, and the total prevalence of overweight and obesity reached 19.4% in 2014 [3]. The Report 
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on Childhood Obesity in China pointed out that if we do not adopt effective intervention measures, the prevalence 

of overweight and obesity among schoolchildren aged 7-18 years in China will reach 28.0% in 2030 [4]. 

Worldwide, about 3.4 million deaths, 3.9% loss of life and 3.8% disability adjusted life years (DALYs) are 

associated with overweight and obesity [5]. Researches illustrated that childhood obesity not merely causes recent 

target organ damage [6], such as left ventricular hypertrophy, carotid intima media thickness increased, but also 

increases the risk of chronic diseases like obesity, hypertension, coronary heart disease and type 2 diabetes in 

adulthood [7]. A recent study in Germany [8], for instance, showed that compared with men who were never 

overweight in childhood, men who were overweight at the age of 7 and 13 but normalized in their early adulthood 

were at higher risk for type 2 diabetes, while the risk is lower than that of men who have been overweight. In 

addition, the maximum inspiratory pressure of children with overweight and obesity is relatively lower than that 

of children with normal development and nutrition [9]. However, adipose tissue needs more oxygen during 

metabolism, which will further increase the lung burden of children with overweight and obesity [10]. It is worth 

noting that excessive fat will also have adverse effects on T cells, reducing the body's ability to prevent and combat 

cancer [11]. In middle age, cognitive function will be affected and reduced [12]. Therefore, it is necessary to 

strengthen surveillance and intervention of overweight and obesity in childhood and adolescence, and it will help 

to reduce the risk of chronic disease and cognitive decline in adulthood. 

Economic and environmental factors also have many impacts on overweight and obesity. Overweight and 

obesity levels in economically developed regions are more serious and growing faster than those in less developed 

regions (developing countries) [13,14]. With the popularity of otaku culture in recent years and the rise of live 

broadcast (e.g. “eating broadcasting”), sedentary lifestyle is becoming more and more common, which greatly 

reduces energy consumption and increases the opportunity to eat [15]. Moreover, the reduction of sports activities 
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[16,17] makes energy consumption and intake unable to reach a balance, further aggravating the occurrence of 

overweight and obesity in children. In addition, environmental factors such as air pollution also have negative 

impacts on such problems. People exposed to higher concentrations of ultrafine particles, nitrogen dioxide (NO2), 

PM2.5 or elemental carbon have a higher risk of overweight and obesity [18]. However, there were few articles 

focusing on the effect of regional factors on the spatial differences. 

As a populous province in China, Shandong province has the second largest population (100.06 million 

people). Moreover, the total prevalence of overweight and obesity among children in Shandong province exceeds 

the national average (25.95% vs. 19.40%) [3,19]. At present, many scholars have analyzed the children or 

adolescents with overweight and obesity in Shandong province from multiple perspectives (e.g., influencing 

factors, prevalence) [20-22], but in contrast, there is few research which has focused on spatial differences. In-

depth analysis from the spatial perspective can help us to identify the distribution of diseases more accurately, 

making people know well on which part of the people have more severe problems. Meanwhile, combined with 

local factors, it is more helpful to discover the potential reasons for the differences. Shandong province has a 

peninsula located between the Yellow Sea and the Bohai Sea, and also has a range of inland areas. The local 

environment is quite different, and the level of economic development is extremely unbalanced, especially 

between the eastern and western regions (e.g., the total gross domestic product (GDP) of Qingdao, Weihai and 

Yantai in the east in 2017 was 2.44 times higher than that of Liaocheng, Heze and Dezhou in the west) [23]. 

Studies have confirmed that the growth of schoolchildren’s obesity is closely related to the regional economy (the 

growth rate in economically developed areas is faster than that in underdeveloped areas) [13]. Due to these 

phenomena, Shandong province has a high research value and representation in the problem of overweight and 

obesity among schoolchildren in China. As a result, this article used the Shandong province's physical examination 
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data (2017) to analyze the spatial differences of overweight and obesity among schoolchildren aged 6-18, aiming 

to discover the regional differences and related influencing factors, and provide some suggestions to help relevant 

departments to further improve relevant policies and measures according to the characteristics of each area. 

Methods 

Data Source 

The sample came from physical examination data of students from September to December 2017 in Shandong 

province. After adjusting for gender and age, the missing data and extreme values (275,449) were deleted 

(screening range: -3 < BMI z score < 3). A total of 10,265,861 schoolchildren aged 6-18 years were included, 

covering all primary, junior and senior high schools (the age brackets are 6-12,13-15 and 16-18, respectively) in 

all 17 cities (137 counties) in Shandong province. All of them have the complete information, such as district, 

gender, age, height, weight etc. Among them, there were 5,521,618 boys, accounting for 53.79%. 

Measurement Methods 

According to the Measures for the administration of health examination of primary and middle school 

students[24] issued by the National Health Commission of the People’s Republic of China and the Ministry of 

Education of the People’s Republic of China and the relevant provisions of the Measures for the implementation 

of health examination management for primary and middle school students in Shandong province[25] issued by 

the Shandong Provincial Education Department, the state stipulates that students will receive regular health 

examination every school year. Before implementation, it will be organized by the health administrative 

department at or above the county level, and will conduct strict training for all medical staffs who participated in 

physical examination (from 1373 medical institutions in Shandong province). In addition, through the schools’ 

teachers, they will inform the students and their parents of the relevant details of the physical examination and 
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seek their consent. After the physical examination, the results will be reported to the students and their parents in 

the form of a report.  

All physical examinations were measured using a uniform protocol and tools, and all data related to this 

study were measured by basic physical measurement methods, without involving laboratory examinations. Before 

the examination, the measurement tools were calibrated according to the Health examination methods for primary 

and secondary schools in Shandong province. During the measurement, all students were required to take off their 

hats and shoes, and to wear light clothes. The height was measured using a human height gauge, accurate to 0.01 

cm. The weight measurement used a lever scale or a portable electronic weight measurement instrument, accurate 

to 0.01 kg. The original data is from Shandong province's physical examination data (2017). Medical staffs took 

the measures. We extracted all the data with these two indexes from the database and calculated the body mass 

index (BMI, BMI=body weight (Kg) / height2 (m2)) of each individual. BMI z scores were calculated 

simultaneously and used to screen outliers (screening range: -3 < z < 3) [26]. 

Judging Criteria for Overweight and Obesity 

According to the Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity 

formulated by Cole and others in 2012 [27], the BMI of all samples was compared with the corresponding 

threshold points of each age (subdivided into half-year) to identify individuals suffering from overweight and 

obesity.  

Explanatory Variables 

Based on which factors related to obesity of children and adolescents [28,29], the explanatory variables of 

economy and education were selected from the provincial public statistical yearbooks. After collinearity 

examination, nine variables were finally included, namely gross domestic product (GDP), total retail sales of 

consumer goods (CGTRS)—sales amount of physical commodities for non-production and non-business purposes 
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(including catering services), per capita disposable income (PCDI), general public budget expenditure (GPBE) 

—state financial expenditures that are spent on public services, education, medical care and social security, etc., 

number of full-time teachers (FTT)—weighted by the number of students in the region, representing the number 

of teachers per thousand students, proportion of boys (BP) and the proportion of different age groups (AP)—the 

age group was divided into 4 segments, which are 6-8, 9-11, 12-14 and 15-18 years respectively, and the first 

three segments were used as explanatory variables. In this study, the age was recorded for half a year and 

calculated according to the difference between the physical examination date and their birthday. "6 months" was 

taken as the limit, and those who were not satisfied with this limit were recorded as "whole year old". For those 

over 6 months but less than 12 months, half a year will be added for recording. In order to better correspond to 

other contents in this paper, the multinomial analysis was mainly classified according to the boundary point 

defined by natural breaks (Jenks) method which directly reported from the ArcGIS software (see the spatial 

analysis section for the principle of this method). Because there were few regions in the fifth level (only 8.80% in 

obese areas), level 4 and level 5 were merged in this part, and the degree of regional overweight (or obesity) was 

determined as 4 grades (1-4) from low to High. 

Statistical Analysis 

Raw data was extracted through SQL Sever2017, and SPSS 22.0 was used to analyze the data. The measurement 

data were described by the mean ± standard deviation, t-tests and the analysis of variance (ANOVA) were used 

for comparison between groups. The counting data was expressed by the rate (%), and the comparison between 

groups was tested by chi-square tests. Furthermore, multinomial logistic regression analysis was used to analyze 

the risks and correlations among the above-mentioned influencing factors related to overweight and obesity from 

the overall level of the region. A probability level of p < 0.05 was used to indicate statistical significance. 

Spatial Analysis 
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This study used ArcGIS 10.2 software to analyze spatial distribution, regional differences, etc. Among them, its 

method of natural breaks (Jenks) [30] was utilized to clarify the distribution difference of overweight and obesity 

rates in the area. This is a data classification method, which aims to determine the best arrangement of values in 

different categories. This is achieved by seeking to minimize the average deviation of each class from the class 

mean and maximize the deviation of each class from the average of other groups. Besides, in order to find out 

whether there is spatial clustering in the Shandong province, spatial autocorrelation (Global Moran's I) and hot 

spot analysis (Getis-Ord Gi*) were applied to this study. 

Spatial autocorrelation (Global Moran's I) is a method for measuring spatial autocorrelation based on element 

locations and element values. Given a set of features and an associated attribute, it evaluates whether the pattern 

expressed is clustered, dispersed, or random. This method evaluates the significance of data results by calculating 

the Moran's I index value, z-score and p-value. If the values (Moran's I index) in the dataset tend to cluster spatially 

(high values cluster near other high values, low values cluster near other low values), the Moran's index will be 

positive. On the contrary, it will be negative. If positive cross-product values balance negative cross-product 

values, the index will be near zero [31]. 

The hot spot analysis calculates the Getis-Ord Gi* statistic for each feature in a dataset. Through the resultant 

z-scores and p-values, the position where the high-value or low-value elements cluster in space can be illustrated. 

After comparing local features with all features, if the local sum is statistically different from the expected sum 

(not randomly generated), a statistically significant z-score will be resulted. 

The Getis-Ord local statistic is given as： 

𝐺𝑖∗ = ∑ 𝑤𝑖,𝑗𝑥𝑗 − �̅� ∑ 𝑤𝑖,𝑗𝑛𝑗=1𝑛𝑗=1
S√[𝑛 ∑ 𝑤𝑖,𝑗2 − (∑ 𝑤𝑖,𝑗𝑛𝑗=1 )𝑛𝑗=1 ]𝑛 − 1  

(1) 
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Where 𝑥𝑗 is the attribute value for feature  𝑗, 𝑤𝑖,𝑗 is the spatial weight between feature  𝑖  and  𝑗 ,  and： 

�̅� = ∑ 𝑥𝑗𝑛𝑗=1𝑛  (2) 

𝑆 = √∑ 𝑥𝑗2𝑛𝑗=1𝑛 − (�̅�)2 (3) 

The 𝐺𝑖∗ statistic returned for each feature in the dataset is the z-score. For statistically significant positive 

z-scores, the larger the z-score is, the more intense the clustering of high values (hot spot). On the contrary, it 

shows clustering degree of low values (cold spot) [32]. 

Results 

Basic characteristics of research subjects 

The sample was derived from the physical examination data of primary and high school students in Shandong 

province (2017). Among them, 6-18 year old students from 17 cities in Shandong province were selected as 

subjects, including 10,265,861 schoolchildren aged 6-18, among whom 53.79% were boys. The average age was 

10.62±2.88 years. There was a strong positive association between BMI and the proportion of urban children 

(r=0.863, p < 0.001). In addition, there was a statistically significant difference in BMI between students aged 6-

18 years in different cities (F = 3.119, p < 0.001). Among them, the BMI of Yantai and Weihai were higher among 

the four age groups (half-year-old was included in the whole-year-old), while the value of Weifang, Heze and 

Binzhou ranked at the bottom. The results were shown in Table 1.  

Table 1 Basic characteristics of schoolchildren aged 6-18 in different cities of Shandong province 

in 2017 

 

City 

Sample 

size 

Boys 

(%) 

Urban 

(%) 

Age 

(year) 

Age-specific BMI(kg/m2) 

6-8 9-11 12-14 15-18 
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Binzhou 354099 52.54 31.73 10.48±2.72 16.38±2.50 18.37±3.41 20.05±3.56 20.84±3.41 

Dezhou 577370 52.59 36.28 10.51±2.75 16.67±2.46 18.47±3.35 20.15±3.44 21.11±3.26 

Dongying 215036 51.50 56.97 11.20±3.10 16.81±2.74 18.87±3.72 20.58±3.83 21.53±3.44 

Heze 1237352 57.03 23.75 10.10±2.49 16.71±2.40 18.41±3.23 19.98±3.38 20.65±3.27 

Jinan 648548 52.24 59.57 10.79±3.11 16.85±2.67 18.99±3.68 20.66±3.82 21.57±3.53 

Jining 915782 55.47 33.92 10.45±2.71 16.61±2.60 18.49±3.44 20.23±3.65 21.21±3.50 

Laiwu 105503 52.00 47.87 11.06±2.95 16.70±2.54 18.68±3.56 20.61±3.82 21.71±3.59 

Liaochen 710080 55.68 28.98 10.01±2.48 16.67±2.38 18.42±3.28 20.13±3.42 20.86±3.31 

Linyi 1327915 54.03 33.48 10.29±2.76 16.67±2.56 18.44±3.45 20.24±3.62 21.12±3.40 

Qingdao 837356 52.12 52.46 10.84±3.01 16.65±2.64 18.67±3.59 20.42±3.80 21.33±3.48 

Rizhao 281874 53.37 41.42 10.58±2.76 16.61±2.43 18.31±3.28 20.14±3.46 21.22±3.36 

Taian 528837 52.07 36.77 11.07±3.07 16.75±2.62 18.75±3.57 20.60±3.73 21.44±3.49 

Weihai 204411 51.48 60.20 10.79±3.00 16.88±2.74 18.98±3.74 20.87±3.96 21.57±3.63 

Weifang 878920 52.85 42.65 11.03±2.95 16.38±2.57 18.32±3.51 19.88±3.63 20.83±3.34 

Yantai 520237 51.47 55.37 11.39±3.20 16.90±2.78 18.99±3.76 20.81±3.95 21.65±3.56 

Zaozhuang 488356 56.79 47.79 10.53±2.90 16.85±2.47 18.63±3.35 20.32±3.57 20.84±3.42 

Zibo 434185 51.61 50.27 11.52±3.25 16.80±2.70 18.90±3.70 20.70±3.85 21.11±3.48 

Basic information of overweight and obesity 

In 2017, the overall overweight rate of school-age population in Shandong province was 17.93%, and the 

difference in overweight rate among cities was statistically significant (2 = 9253.18, p < 0.001). Between different 

genders, the overall overweight detection rate of boys was higher than that of girls (19.72% vs. 15.84%, 2 = 
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26070.31, p < 0.001), and the former was higher than the latter between urban and rural areas (19.77% vs. 16.69%, 

2 = 15925.82, p < 0.001). Likewise, the same results were detected in every city in Shandong province. The 

results were shown in Additional file 1. Moreover, this study found that the prevalence among different age groups 

showed a trend of gradual decline after an early rise. Except Dongying and Zibo (p = 0.580 and 0.132, 

respectively), Linear-by-Linear associations were detected in other cities.  

Obesity rates also have statistically significant differences among cities (2 = 16632.12, p < 0.001). However, 

the obesity rate was much lower than the overweight rate, and the overall prevalence was only 6.79% in 2017. 

Without doubt, the same numerical differences as overweight have been obtained in both gender (boys/girls: 

9.47%/3.67%, 2 = 135455.04, p < 0.001) and district (urban/rural: 7.86%/6.07%, 2 = 12469.84, p < 0.001). 

Linear-by-Linear associations with the similar trend as overweight were detected in 16 cities (except Rizhao). The 

results were shown in Additional file 2. 

Spatial Analysis Results 

The spatial analysis of overweight and obesity among schoolchildren in Shandong province in 2017 showed that 

the areas with higher rates were mainly concentrated in the eastern Shandong peninsula, central and northern 

regions. Overall, the geographical distribution of overweight and obesity in the province was roughly similar. 

Furthermore, the entire difference of overweight and obesity rates in different regions (137 counties) were 

statistically significant (2 = 27723.56, p < 0.001, 2 = 34574.91, p < 0.001). Whether overweight or obesity, from 

the perspective of the city, Weihai was the city with the highest prevalence. The results were shown in Figure 1 

and Figure 2. 

Focusing on the overweight regional differences between different genders, it was found that the 

distributions of male and female students in the main high-prevalence areas were similar to the overall situation. 
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Nevertheless, there were also new high-prevalence areas scattered in other regions. Even so, the prevalence in the 

eastern part of the peninsula was still the highest. On the other hand, compared with the former, gender differences 

in obesity showed characteristics that were more consistent with the general situation. The results were shown in 

Figure 3-6.  

Further, this study analyzed whether there was spatial aggregation through spatial autocorrelation, and 

concluded that there was obvious spatial aggregation in all classifications. The results were shown in Table 2. 

Table 2 Spatial autocorrelation of overweight and obesity among schoolchildren in Shandong 

province in 2017 

Variety 

Regional overweight rate  Regional obesity rate 

Moran’s I z p  Moran’s I z p 

Total  0.33 5.94 <0.001  0.46 8.08 <0.001 

Boys 0.39 6.97 <0.001  0.53 9.24 <0.001 

Girls 0.29 5.14 <0.001  0.35 6.17 <0.001 

Combined with hot spot analysis and research, it was found that in terms of overweight, the high-value 

concentration areas in Shandong province were mainly aggregated in Weihai, Yantai and Qingdao. The overall 

cold-spot districts were relatively concentrated in the northwest of Shandong and a few areas in Linyi and 

Weifang. It is worth noting that although the distribution between genders was similar in hot spots, there were 

large differences in low-value areas—boys were mainly distributed in the western region, while girls were mostly 

concentrated in the southeast area. The results were shown in Figure 7-9.  

In response to the obesity issue, the main manifestation was that the high-value aggregation range in the 

eastern part of Shandong peninsula was enlarged and the aggregation was intensified, while the low-value 
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aggregation range was more inclined to the southern distribution (the overall, male and female results were the 

same). In addition, the distribution difference of cold spot was still obvious between the sexes (boys: southwest 

region, girls: southeast area). The results were shown in Figure 10-12. 

Influencing factors Analysis 

After the collinearity diagnostics, nine kinds of influencing factors (including 137 counties in the province): gross 

domestic product (GDP), total retail sales of consumer goods (CGTRS), per capita disposable income (PCDI), 

general public budget expenditure (GPBE) and number of full-time teachers (FTT) were included in the 

multinomial logistic regression model. Moreover, the units of these variables were 100 million yuan, 10 million 

yuan, 100 yuan, 10 million yuan, 1 person and 100 person per square kilometer, respectively. In addition, the 

proportion of boys (BP) and the proportion of different age groups (AP) were also included in the analysis as 

covariates. 

According to the regional classification in the previous results (ArcGIS part), the comprehensive analysis of 

factors and regional overweight (or obesity) levels demonstrated that the CGTRS and PCDI were the risk factors 

in the counties with higher degree (level 4) of overweight and obesity compared with the lowest level (level 1) 

counties. Nevertheless, GDP, FTT, BP and AP showed no statistically significant effect on the degree of 

overweight and obesity in different regions. GPBE showed a protective effect in the regional obesity level 4. The 

results were shown in Table 3-4. 

Table 3 Association between regional influencing factors and overweight of schoolchildren in 

Shandong province in 2017 

Factors β S.E. Wald p Exp(β) 95%CI for exp(β) 
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Regional 

overweig-

ht level 

Lower 

bound 

Upper 

bound 

2 Intercept 13.174 13.035 1.021 0.312    

 GDP -0.003 0.002 1.609 0.205 0.997 0.993 1.002 

 CGTRS 0.007 0.008 0.782 0.376 1.007 0.992 1.022 

 PCDI -0.007 0.011 0.484 0.487 0.993 0.972 1.013 

 GPBE -0.003 0.032 0.008 0.927 0.997 0.936 1.062 

 FTT -0.012 0.020 0.334 0.563 0.988 0.950 1.028 

 BP -0.218 0.261 0.697 0.404 0.804 0.483 1.341 

 AP6-8 0.070 0.092 0.577 0.447 1.073 0.895 1.286 

 AP9-11 0.011 0.113 0.010 0.920 1.011 0.811 1.261 

 AP12-14 -0.014 0.098 0.020 0.888 0.986 0.814 1.196 

3 Intercept -4.037 13.172 0.094 0.759    

 GDP -0.003 0.002 2.410 0.121 0.997 0.993 1.001 

 CGTRS 0.013 0.007 3.208 0.073 1.013 0.999 1.028 

 PCDI 0.013 0.010 1.649 0.199 1.013 0.993 1.033 

 GPBE -0.013 0.031 0.170 0.680 0.987 0.930 1.049 

 FTT 0.018 0.019 0.873 0.350 1.018 0.980 1.057 

 BP -0.009 0.264 0.001 0.972 0.991 0.590 1.664 

 AP6-8 0.123 0.092 1.779 0.182 1.130 0.944 1.354 
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 AP9-11 -0.051 0.114 0.198 0.656 0.950 0.760 1.189 

 AP12-14 -0.058 0.099 0.342 0.559 0.944 0.778 1.145 

4 Intercept -0.811 15.793 0.003 0.959    

 GDP -0.001 0.002 0.147 0.701 0.999 0.995 1.003 

 CGTRS 0.018 0.007 6.135 0.013 1.019 1.004 1.034 

 PCDI 0.024 0.010 5.070 0.024 1.024 1.003 1.045 

 GPBE -0.055 0.035 2.533 0.111 0.946 0.884 1.013 

 FTT 0.023 0.021 1.181 0.277 1.023 0.982 1.066 

 BP -0.100 0.311 0.104 0.747 0.905 0.492 1.664 

 AP6-8 0.048 0.103 0.222 0.637 1.050 0.858 1.284 

 AP9-11 0.018 0.129 0.018 0.892 1.018 0.790 1.311 

 AP12-14 -0.142 0.115 1.524 0.217 0.867 0.692 1.087 

Table 4 Association between regional influencing factors and obesity of schoolchildren in Shandong 

province in 2017 

Regional 

obesity 

level 

Factors β S.E. Wald p Exp(β) 

95%CI for exp(β) 

Lower 

bound 

Upper 

bound 

2 Intercept 10.808 11.891 0.826 0.363    

 GDP 0.001 0.002 0.069 0.793 1.001 0.997 1.004 

 CGTRS -0.002 0.007 0.056 0.813 0.998 0.984 1.013 

 PCDI 0.000 0.011 0.000 0.984 1.000 0.978 1.022 
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 GPBE 0.007 0.027 0.075 0.784 1.007 0.956 1.061 

 FTT -0.012 0.020 0.351 0.553 0.988 0.949 1.028 

 BP -0.115 0.231 0.249 0.618 0.891 0.567 1.401 

 AP6-8 -0.069 0.086 0.640 0.424 0.934 0.789 1.105 

 AP9-11 0.028 0.103 0.075 0.785 1.028 0.841 1.258 

 AP12-14 -0.073 0.096 0.576 0.448 0.930 0.770 1.122 

3 Intercept -12.110 11.825 1.049 0.306    

 GDP -0.001 0.002 0.115 0.735 0.999 0.996 1.003 

 CGTRS 0.005 0.007 0.591 0.442 1.005 0.992 1.019 

 PCDI 0.021 0.011 3.849 0.050 1.021 1.000 1.043 

 GPBE -0.003 0.024 0.021 0.886 0.997 0.951 1.044 

 FTT 0.007 0.019 0.144 0.705 1.007 0.970 1.046 

 BP 0.144 0.233 0.381 0.537 1.155 0.731 1.822 

 AP6-8 0.080 0.084 0.905 0.342 1.083 0.919 1.276 

 AP9-11 -0.083 0.106 0.622 0.430 0.920 0.748 1.132 

 AP12-14 -0.019 0.097 0.037 0.848 0.982 0.812 1.186 

4 Intercept 27.628 20.835 1.758 0.185    

 GDP -0.003 0.003 0.946 0.331 0.997 0.992 1.003 

 CGTRS 0.019 0.008 5.837 0.016 1.020 1.004 1.036 

 PCDI 0.046 0.013 12.653 0.000 1.047 1.021 1.074 

 GPBE -0.075 0.033 5.276 0.022 0.928 0.870 0.989 
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 FTT 0.018 0.022 0.698 0.404 1.019 0.976 1.064 

 BP -0.694 0.436 2.535 0.111 0.500 0.213 1.174 

 AP6-8 0.029 0.116 0.061 0.804 1.029 0.820 1.292 

 AP9-11 -0.074 0.164 0.204 0.652 0.928 0.673 1.282 

 AP12-14 -0.085 0.127 0.451 0.502 0.918 0.716 1.178 

Discussion 

In recent years, with the rise of the carry-outs industry, the dietary patterns and lifestyle have changed to a great 

extent. Moreover, this kind of catering mode has given birth to many unhealthy lifestyles (such as ‘otaku’, 

irregular diet, sedentary life, etc.). Under the joint influence of various factors, the problem of overweight and 

obesity among school-age children and adolescents has become increasingly prominent, and the prevalence has 

also shown an increasing trend [3,21]. This study proved the spatial distribution and aggregation of overweight 

and obesity among schoolchildren aged 6-18 in Shandong province, and combined with the factors of various 

regions, confirmed the influence of economy on this problem. 

Among the regions covered by the study, Yantai and Weihai have higher BMI in any age group, while the 

value of Weifang, Heze and Binzhou ranked at the bottom. Combined with the analysis of its correlation with the 

proportion of urban children, the formation of this difference may be more influenced by the degree of 

urbanization [33]. In addition, compared with the flat trend of BMI in high-income English-speaking countries, 

the accelerated growth trend in China was obvious [34,35], and all cities should be more alert to BMI. 

Furthermore, the rise of BMI will also bring negative effects to the economy: one BMI point above 30 was 

associated with a 2% decrease in income, a 3% increase in social transfer payments, and a 4% increase in 

healthcare costs [36]. This study found that the overweight and obesity rates of Shandong province reached 
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17.93% and 6.79% in 2017, far higher than the earlier screening results (13.79% and 5.79% respectively) of the 

same standard in the 5-18 year-old population in China (boys: 53.33%) [27]. Since the implementation of the 

"Targeted Poverty Alleviation" policy in 2015, people's living standards have been continuously improving. As a 

result, overweight has become a more accessible physical condition, and the overweight rate has reached the 

current "high".  

The results of prevalence were consistent with other researches in terms of gender, urban and rural areas 

(boys > girls, urban > rural) [13,37]. The difference between the sexes may be caused by the corporeity that boys 

are more prone to be obese than girls (e.g. girls are more concerned about body shape) [38], while the distinction 

between urban and rural areas is more influenced by economic and environmental factors [33]. With the rapid 

development of social and economic level, albeit the gap between urban and rural areas is continuously narrowing, 

urban children still have more opportunities to consume large amounts of high-energy foods and have less 

exercise. Likewise, risk factors such as obesity family history and high smoking rate of mothers were higher than 

those in rural areas, and protective factors (e.g. breast-feeding rate) were lower [39]. The multifaceted interactions 

eventually formed this difference. Besides, there is another point that cannot be ignored—from the comparison 

between urban and rural areas in Additional file 1 and 2, it can be seen that although the overweight and obesity 

rates in urban areas were higher than that of the country, the gap between the two was not very large (2011/2017: 

9.9%/4.5%) [13]. The growth rate in rural areas was faster than that in urban areas. It is suggested that more 

attention should be paid to the publicity and popularization of health knowledge in rural areas, so as to prevent 

the generation of "chubby child" in the country. 

 This study divided the age into 4 age groups. Analysis by age groups showed that the overweight and 

obesity rates in the 9-11 age group were higher than those in other groups. In general, the detection rate of 
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childhood (6-11 years old) is higher than that of adolescence (12-18 years old). At the same time, after the age of 

9-11, along with the increase of age, a significant decrease in the rate can be seen. This was consistent with the 

previous research results of other scholars [13]. Peng Jia and others pointed out that the children’s overweight and 

obesity rates will decline with the passage of time. The occurrence of this phenomenon is most likely affected by 

the physical growth during adolescence (e.g. sudden increase in height), which consumes a lot of nutrition and 

makes some "pseudo-obese" individuals normal. Consequently, this suggests that parents need not worry too much 

about children's slight overweight or obesity. As children grow, this situation will naturally be improved. 

However, intervention against the excessive obese children is still necessary. 

Lately, an article similar to this one was published in the journal BMJ open [37]. It also used the physical 

examination data of primary and secondary school students in Shandong province to analyze the spatial 

distribution of overweight and obesity. Its content, however, is relatively limited. Only the distribution and 

clustering differences of male/female were studied, and the screening criteria of overweight/obesity individuals 

were older, which was not conducive to comparative analysis in the future. In view of the above deficiencies, this 

paper adopted the internal detailed drawing method based on the unit of a large geographical range for the first 

time, which more intuitively presents the regional aggregation differences within each city. Meanwhile, it is 

helpful to integrate regional factors more comprehensively, carefully and effectively, and to explore regional 

differences and their specific causes. In addition, the use of new international standards (IOTF [27]) will help to 

enhance the reference value of this article. 

We found that in 2017, there were statistically significant spatial differences in overweight and obesity 

among schoolchildren in Shandong province. Among them, the areas with higher prevalence were concentrated 

in the eastern, central and northern regions, especially in Yantai and Weihai (the economic level ranks high in the 
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province [23]). Similarly, the high-value aggregation of these two cities has also been confirmed in the hot spot 

analysis. Although economic factors (such as GDP, etc.) have been proved to have positive association with the 

regional overweight/obesity level [28], this study has not detected them. The main reason for this may be that 

GDP covers a wide range, including consumption, investment, government spending and net exports, etc. Its 

impact on overweight and obesity is easily influenced by other confounders in GDP, and with the inclusion of 

such factors as CGTRS, which can more specifically reflect the consumption related to obesity, the role of GDP 

was weakened. If only GDP is used to analyze its relationship with overweight and obesity, it can be detected as 

a risk factor in regional obesity level 3-4 (e.g., level 4: p=0.007, Exp(β)=1.004 (95% CI: 1.001 - 1.007)). However, 

the reason for the formation of high-value aggregation is not clear, and further research and discussion are needed. 

On the other hand, albeit the aggregation area of hot spot between the sexes were distributed in the same way, the 

results of cold spot clusters differs greatly (boys/girls: western & southwest/ southeast). Southwest and southeast 

regions, where low values were concentrated, were relatively backward in economic development in the province, 

and their major economic indicators were obviously lower than those of other cities [23]. Combined with the 

results of multinomial logistic regression analysis, CGTRS and PCDI have certain "promoting" effects on the 

development of overweight and obesity, thus forming low-value aggregation in these two regions. However, for 

the regional difference of low-value clusters between different genders, there are few relevant research data to 

refer to, and no definite conclusion can be drawn at present. It is initially suspected that this may be related to the 

difference in unique dietary habits (high intake of grains, milk and fast food was associated with high risk of 

obesity [40]) and concepts (such as regarding overweight or obesity as beauty) between the two places, and the 

specific reasons need further in-depth study. 
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In order to better analyze the specific reasons for internal regional differences in Shandong province, this 

study used multinomial logistic regression analysis to analyze various regional influencing factors which covering 

the whole counties. The results illustrated that CGTRS and PCDI were risk factors for both overweight and obesity 

level in the region. Taking the level 4 (highest level) as an example, compared with those level 1 regions with 

lower CGTRS and PCDI, the risk of high-value regions developing into the areas with the highest level (level 4) 

of obesity in Shandong province were 1.020 (95% CI: 1.004 - 1.036) and 1.047 (95% CI: 1.021 - 1.074) times, 

respectively. Studies have confirmed that the economic status is positively correlated to the occurrence of 

overweight and obesity among children and adolescents [28,41,42]. Social economy often acts on children through 

indirect influence on family economy [43]. When residents have more material and financial resources, as the 

consumption power increases, the threshold for the related needs to be converted into demand will be greatly 

reduced, and more expenses will be invested in food and use. Meanwhile, as factors that can improve obesity: per 

capita edible oil [44], the use of washing machines [44], electronic equipment [45] and the per capita disposable 

income [28], they explained the negative effects of CGTRS and PCDI to a certain extent. However, aiming at the 

GPBE, it is still impossible to find out the specific reasons for its protective effect, which needs further study. 

This study systematically described the spatial differences and influence factors of overweight and obesity 

among schoolchildren in Shandong province. It had a large sample size, strict on-site quality control and 

innovative map presentation. Likewise, the result was highly reliable. However, this study also has the following 

shortcomings: (1) Using BMI as an indicator of overweight and obesity, cannot distinguish between muscle and 

fat [46,47]. (2) This study has not been able to collect more detailed household, educational and environmental 

data (such as parents' obesity status, parents' education level, temperature, air pollution, etc.) [18,28,29,48], these 

proven factors can make the causes of regional differences more effective and comprehensive exploration, so the 
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analysis of influencing factors needs further improvement. Therefore, considering the feasibility, it is suggested 

that waistline [49] or skinfold thickness [50] should be added to the future physical examination of students to 

improve the accuracy of individual screening for overweight and obesity. 

Conclusions 

In conclusion, there were significant spatial differences in overweight and obesity among schoolchildren aged 6-

18 years in Shandong province, especially between the eastern and western areas. The influence of some regional 

factors on overweight and obesity of schoolchildren has been confirmed. It is suggested that the government health 

department should pay more attention to  the hot spot clusters and try to do more researches on what caused this 

phenomenon. Here we found the influence of regional economic factors (e.g. CGTRS and PCDI), more research 

could be done to show if these are causations.  
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Figure 1 Spatial distribution of total schoolchildren with overweight aged 6-18 in Shandong province in 2017. 

Figure 2 Spatial distribution of total schoolchildren with obesity aged 6-18 in Shandong province in 2017. 

Figure 3 Spatial distribution of overweight in boys aged 6-18 in Shandong province in 2017. 

Figure 4 Spatial distribution of overweight in girls aged 6-18 in Shandong province in 2017. 
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Figure 5 Spatial distribution of obesity in boys aged 6-18 in Shandong province in 2017. 

Figure 6 Spatial distribution of obesity in girls aged 6-18 in Shandong province in 2017. 

Figure 7 Spatial aggregation of overweight in schoolchildren aged 6-18 in Shandong province in 2017 

Figure 8 Spatial aggregation of overweight in boys aged 6-18 in Shandong province in 2017 

Figure 9 Spatial aggregation of overweight in girls aged 6-18 in Shandong province in 2017 

Figure 10 Spatial aggregation of obesity in schoolchildren aged 6-18 in Shandong province in 2017 

Figure 11 Spatial aggregation of obesity in boys aged 6-18 in Shandong province in 2017 

Figure 12 Spatial aggregation of obesity in girls aged 6-18 in Shandong province in 2017 



Figures

Figure 1

Spatial distribution of total schoolchildren with overweight aged 6-18 in Shandong province in 2017.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.



Figure 2

Spatial distribution of total schoolchildren with obesity aged 6-18 in Shandong province in 2017. Note:
The designations employed and the presentation of the material on this map do not imply the expression
of any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 3

Spatial distribution of overweight in boys aged 6-18 in Shandong province in 2017. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 4

Spatial distribution of overweight in girls aged 6-18 in Shandong province in 2017. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 5

Spatial distribution of obesity in boys aged 6-18 in Shandong province in 2017. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 6

Spatial distribution of obesity in girls aged 6-18 in Shandong province in 2017. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 7

Spatial aggregation of overweight in schoolchildren aged 6-18 in Shandong province in 2017 Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 8

Spatial aggregation of overweight in boys aged 6-18 in Shandong province in 2017 Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 9

Spatial aggregation of overweight in girls aged 6-18 in Shandong province in 2017 Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 10

Spatial aggregation of obesity in schoolchildren aged 6-18 in Shandong province in 2017 Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 11

Spatial aggregation of obesity in boys aged 6-18 in Shandong province in 2017 Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 12

Spatial aggregation of obesity in girls aged 6-18 in Shandong province in 2017 Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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